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Larger	
  star8ng	
  
prey	
  supports	
  large	
  
predators	
  with	
  
fewer	
  trophic	
  steps	
  
	
  
Changes	
  in	
  lower	
  
trophic	
  levels	
  could	
  
be	
  transferred	
  to	
  
upper	
  trophic	
  
levels	
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  is	
  
Rapidly	
  Warming	
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West	
  Antarc8c	
  
Peninsula	
  Losing	
  
Sea-­‐Ice	
  

The	
  changes	
  in	
  phytoplankton	
  
are	
  at	
  least	
  regional	
  (West	
  
Antarc8c	
  Peninsula)	
  
	
  



Changing	
  Phytoplankton	
  Community	
  Composi8on	
  in	
  the	
  WAP	
  	
  



Background	
  

Prey	
  Items	
  are	
  
changing	
  with	
  
changing	
  ice	
  in	
  
the	
  WAP.	
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Background	
   Penguins	
  are	
  following	
  suit	
  with	
  the	
  change	
  
NASA	
  funded	
  review	
  of	
  
the	
  system.	
  



Short	
  Food	
  Webs	
  Increase	
  Chance	
  of	
  Predic8on	
  
Hypothesis:	
  Environment	
  Predicts	
  Popula8ons	
  of	
  Penguins	
  

ΔPenguin = β ⋅ ΔEnvironment +ε
The	
  error	
  term	
  encapsulates	
  small	
  scale	
  or	
  cyclical	
  environmental	
  
varia8on,	
  and	
  any	
  top-­‐down	
  component.	
  This	
  is	
  a	
  boVom-­‐up	
  
approach.	
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Look	
  for	
  places	
  with	
  big	
  climate	
  perturba8ons	
  

West	
  Antarc8c	
  
Peninsula	
  is	
  
Loosing	
  Ice	
  
During	
  the	
  
Summer	
  Months	
  
(Winter	
  too)	
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Look	
  for	
  places	
  with	
  big	
  climate	
  perturba8ons	
  

West	
  Antarc8c	
  
Peninsula	
  is	
  
Warming	
  up	
  
during	
  Summer	
  
Months	
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Look	
  for	
  places	
  with	
  big	
  climate	
  perturba8ons	
  

Chlorophyll	
  isn’t	
  
as	
  clear	
  of	
  a	
  
signal	
  on	
  big	
  
scales	
  



Problem	
  
We	
  have	
  penguin	
  loca8on	
  informa8on,	
  but	
  not	
  many	
  
popula8on	
  counts	
  	
  

P(+Penguin | Environment) = P(Environment |+Penguin)P(+Penguin)
P(Environment)

Change	
  the	
  terms	
  of	
  the	
  hypothesis	
  
	
  
The	
  probability	
  of	
  finding	
  a	
  specific	
  penguin	
  
species	
  dependent	
  on	
  the	
  environment	
  
	
  
Sets	
  up	
  a	
  nice	
  natural	
  experiment	
  between	
  the	
  
WAP	
  and	
  the	
  Con8nent	
  
	
  
So	
  Far,	
  we	
  have	
  decent	
  es8mates	
  of	
  	
  

P(+Penguin)

P(Environment)



Large	
  Scale	
  Remote	
  
Sensing/Modeling	
  

P(+Penguin | Environment) = P(Environment |+Penguin)P(+Penguin)
P(Environment)

Satellite	
  Driven	
  Niche	
  Space	
  of	
  
Chick	
  Rearing	
  Habitat	
  (CRH)	
  

P(Environment |+Penguin)



Large	
  Scale	
  Remote	
  Sensing/Modeling	
  

Con8nental	
  
Adélie	
  
	
  
WAP	
  
Adélie	
  
	
  
Chinstrap	
  
	
  
Gentoo	
  



P(+Penguin | Environment)
Satellite	
  Driven	
  Niche	
  Space	
  of	
  
Chick	
  Rearing	
  Habitat	
  (CRH)	
  



So	
  What?	
  
Quan8fy	
  the	
  distribu8on	
  and	
  the	
  30	
  year	
  trend	
  of	
  CRH	
  Niche	
  Space	
  



Problem	
  

ΔPenguin = β ⋅ ΔEnvironment +ε
We	
  have	
  a	
  lot	
  of	
  loca8on	
  informa8on	
  for	
  penguins,	
  not	
  but	
  
sparse	
  records	
  for	
  penguin	
  counts.	
  

CRH = P(+Penguin | Environment)

ΔPenguin ≈ β ⋅CRH +ε

We	
  can	
  collapse	
  the	
  environment	
  to	
  an	
  expected	
  8me	
  
series	
  of	
  penguin	
  probabili8es	
  (CRH)	
  

We	
  can	
  treat	
  Penguin	
  as	
  a	
  factor,	
  and	
  determine	
  if	
  CRH	
  is	
  
the	
  same	
  across	
  each	
  factor	
  (ANOVA)	
  



Problem	
  

ΔPenguin ≈ β ⋅CRH +ε
Hypothesis:	
  Environment	
  Predicts	
  Popula8ons	
  of	
  Penguins	
  

The	
  error	
  term	
  encapsulates	
  small	
  scale	
  cyclical	
  
environmental	
  variaDon,	
  and	
  any	
  top-­‐down	
  component	
  



Torgersen	
  Island	
  2011	
  
Photo:	
  Mark	
  Moline	
  

Torgersen	
  Island	
  1991	
  
Photo:	
  Mark	
  Moline	
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Mission	
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The	
  Plan	
  



Near-­‐Real	
  Time	
  
Mapping	
  of	
  
Penguin	
  
Foraging	
  
Loca8ons	
  

First	
  Field	
  Season	
  





First	
  Field	
  Season	
  Results	
  Glider	
  Depth	
  Integrated	
  Currents	
  
Diurnal	
  Tides	
   Semi-­‐Diurnal	
  Tides	
  



First	
  Field	
  Season	
  
Results	
  
	
  
Tracking	
  penguins	
  
from	
  Humble	
  Island	
  

Where	
  did	
  the	
  Adélie	
  
penguins	
  go?	
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Results	
  from	
  
2002-­‐2011	
  
Penguin	
  
Loca8ons	
  

	
  
	
  
	
  

Why?	
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Foraging = β ⋅ tide regime+ (1 | trip)+ε

The	
  Hypothesis	
  
Penguin	
  Foraging	
  Loca8on	
  is	
  Driven	
  by	
  Tide	
  Regime	
  

Tide	
  Regime	
  ~	
  Krill	
  Density	
  

Tidal	
  Currents	
  are	
  
strong	
  enough	
  to	
  
concentrate	
  Krill	
  

	
  
Courtesy:	
  Travis	
  Miles	
  



Kr
ill
	
  

Spa8al	
  Evidence	
  of	
  Tidal	
  Influence	
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Future	
  Work	
  
Bring	
  Down	
  HF	
  RADAR	
  



Revisi8ng	
  Original	
  Model	
  

ΔPenguin = β ⋅ ΔEnvironment +ε
The	
  error	
  term	
  encapsulates	
  small	
  scale	
  or	
  cyclical	
  environmental	
  
varia8on,	
  and	
  any	
  top-­‐down	
  component.	
  This	
  is	
  a	
  boVom-­‐up	
  
approach.	
  

Kr
ill
	
  ΔPenguin = β ⋅ ΔEnvironment +η ⋅Tides+ε

Implicit	
  Climate	
  Signal	
   Implicit	
  Resource	
  
Concentra8ng	
  Signal	
  
Non-­‐Climate	
  Signal	
  

So	
  What?	
  



Let’s	
  speculate	
  

Tidal	
  Concentra8ng?	
  

Warming	
  Climate?	
  

Length	
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Does	
  mesoscale	
  variability	
  provide	
  refuge	
  from	
  a	
  changing	
  climate?	
  	
  

Future	
  work	
  

Kr
ill
	
  ΔPenguin = β ⋅ ΔBigScale+η ⋅LocalScale+ε

Implicit	
  Climate	
  Signal	
   Mesoscale	
  Variability	
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